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The purpose of this paper is to make a comparison of design equations for CFT compressive members between

SRC Standards and Eurocode 4. The design equations for CFT compressive members based on SRC Standards and

Eurocode 4 are presented. The width-to-thickness ratio, the strength of steel and the strength of concrete are the

parameters to make a comparison for the ultimate strength calculated by these two different standards.
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1. INTRODUCTION

In Japan, there are two standards for the design of CFT
structures by Architectural Institute of Japan (ALJ). The
one is AlJ Standard for Structural Calculation of Steel
Reinforced Concrete Structures” (from now on referred
to as SRC Standards), the other one is Recommendations
for Design and Construction of Concrete Filled Steel
Tubular Structures  (referred to as Recommendations for
CFT). There are also some guidelines for CFT published
by Association of New Urban Housing Technology “€?.
Besides Japan, several standards or codes for design of
steel-concrete structures have been applied, such as AISC
Standards standardized by American Institute of Steel
Construction, ACI Standards standardized by American
Institute of Concrete and Eurocode standardized by
European Committee for Standardization. In reference 4)
and 5), design equations for CFT Structures of China, the
United States and Europe have been shown and the
strength of CFT column obtained by these equations were
compared, however, the number of parameters was
relatively small. In Japan, a lot of buildings with
composite structure were constructed according to the
standards and guidelines. In recent years, composite

structure and the demand performance of composite

structure have been diversified. Furthermore, the contents
of design standards in the United States, Europe and
China have been developed®. Because of these situations,
future standard for composite structure have been
discussed ©~®. In reference 6), design standards in
overseas were presented. It is helpful to show the
difference between Japanese standards and other
countries standards when we discuss the future standard
for composite structures in Japan.

The purpose of this paper is to make comparison
between SRC Standards in Japan and Eurocode 4” about
the design equations for CFT compressive members as a
basic study. The design equations for CFT compressive
members in SRC Standards and Eurocode 4 are presented.
The width-to-thickness ratio, the strength of steel and the
strength of concrete are the parameters to make a
comparison for the ultimate strength calculated by these

two different standards.

2. DESIGN EQUATIONS OF CFT MEMBERS

(1) Design equations based on SRC Standards
(a) Ultimate compressive strength of a CFT column
The design equations for ultimate compressive strength
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of CFT members are shown as follows.

lk/DS4’ NCUIZCNL‘UJ'_(]‘J'_?])SNCU (1)
4<1 /D<12;
I, (2
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12<lk/D’ NCU3=chr+SNcr (3)

where, /; is effective length of a CFT column, D is width
or diameter of a steel tube section. 77 is the coefficient of
confining effect of the steel tube to concrete.

o
=027

N.y3 in Eq.(2) is calculated by Eq. (3) on the condition
that /,/D=12.
(b) Ultimate strength and buckling strength of a concrete

: square cross - section

“

: circular cross - section

column
Ny is the ultimate strength of concrete column which is
calculated by Eq. (5), and .N,, is the buckling strength of
concrete column defined by Eq. (6).
Ney=cAcry - Fe (%)

where: A is the area of concrete; F.. is the design standard

c

strength of concrete; .y is the reduction factor for
concrete.
For SRC Standards, the factor is equal to 0.85", while

the value of .y equals 1.0 in Recommendations for CFT?.

In this paper, the coefficient is equal to 1.0.
The buckling strength of concrete column N, is

calculated by the equation shown as follows.

chr :cA'c Ocr (6)
2 o for (4, <1.0

o =t a1 AN ¢))
0.83exp{C.(1- 4)}.0,  for 2,210

where: .o,.is the critical stress of concrete column; .o is
the compressive stress of concrete which is calculated by
Eq. (8); C. is the coefficient of buckling strength of CFT
column defined by Eq. (9); A, is the normalized
slenderness ratio of concrete column calculated by Eq.
(10).

cOB =¢ rU'Fc (8)

C, =0.568+0.00612F, 9)
A

cﬂ’l =<~ c€u (10)
T

In Eq. (10), .4 is the slenderness ratio of concrete

column; .&y is the strain of concrete corresponding to

relative compressive stress defined by Eq. (11).

&y =093, o8%-107

(11)

(¢) Ultimate strength and buckling strength of a steel tube
column

s{N.y is the ultimate strength of steel tube which is

calculated by Eq. (12), and (V... is the buckling strength of

steel tube column determined by Eq. (13).

(Noy=AF (12)

Where: (A4 is the area of steel tube; F is the reference
design standard strength of steel tube.

Based on Recommendations for the Plastic State
Design of Steel Structures'”, |N,, should be calculated by
Eq. (13).

when (4 <0.3 N, =N,
when 03< 4, <13 N, ={1-0.545(,4,-03)} N,
when 4, >1.3 N, = ‘1N35

(13)
where: (Nyis the yielding axial force of steel tube (Ny
= * F); /1 is the normalized slenderness ratio of steel
tube calculated by Eq. (14). (Ng is the elastic buckling
force of steel tube.

(14

where: (E is the modulus of elasticity of steel tube; (A is
the slenderness ratio of steel tube.

(2) Design equations based on Eurocode 4

In this paper, the influence of long-term effect and
member imperfections are not taken into account. The
method of design about composite cross-section by
Eurocode 4 is shown as follows.
(a) Plastic

composite cross-section

resistance to compression of general

The plastic resistance to compression N, of a
composite cross-section should be calculated by adding
the plastic resistances of its components.

Npl,Rd = Aafyd + 0'85Ac»f;d + ASde (15)

where: 4,, A, and A, are the cross-sectional areas of the
structural steel section, the concrete section and the
reinforcement; f,, f.s and fi; are the design value of the
yield strength of structural steel, the cylinder compressive

strength of concrete and the yield strength of reinforcing
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steel.
For concrete filled sections, the coefficient 0.85 may
be replaced by 1.0 in Eq. (15).
(b) Plastic resistance to compression of circular CFT
For concrete filled tubes of circular cross-section,
account may be taken of increase in strength of concrete
caused by confinement provided that the relative
slenderness A4 defined in Eq. (19) doesn’t exceed 0.5 and
e/d < 0.1, where, e is the eccentricity of loading and d is
the external diameter of the column. The plastic
resistance to compression may then be calculated from
the following expression:
i

t
N /,Rd :nuAaf'd +Ac’f;'d[l+nc_
plLR W dﬁ‘k

J+ Asfsd

(16)
where: ¢ is the wall thickness of the steel tube; f; is the
nominal value of the yield strength of structural steel; fx
is the characteristic value of the cylinder compressive
strength of concrete at 28 days.

For members with e = 0 the values 77,= 7,0 and 77.= 77,9
are given by the following expressions:

Mao = 0.25(3 + 21) (but <1.0) (17)

Moo =49 1854 +174°  (but>0) (18)

(¢) Relative slenderness, steel contribution ratio and
design value of compressive normal force

The relative slenderness for the plane of bending being

considered is given by:

N 1 ri

A= and 1<2.0 (19)

o
where: N,z is the characteristic value of the plastic
resistance to compression given by Eq.(15) if, instead of
the design strengths, the characteristic values are used;
N,, is the elastic critical normal force for the relevant
buckling mode, calculated with effective flexural stiffness
determined in accordance with Eq. (20).

For the determination of the relative slenderness A and
the elastic critical force N,,, the characteristic value of the
effective flexural stiffness (E£7).; of a cross-section of a

composite column should be calculated from:

(ED)oy = E I, +EJ +KE,,I

e—~cm-c

(20

where: K, is a correction factor that should be taken as
0.6. I, I, and I are the second moments of area of the

structural steel section, the un-cracked concrete section

and the reinforcement for the bending plane being
considered. E, is the modulus of elasticity of structural
steel; E; is the design value of modulus of elasticity of
reinforcing steel; E,, is the secant modulus of elasticity
of concrete calculated by Eurocode 2'".

The steel contribution ratio is defined as:

4
Adlvt 4 0255209

pl.Rd

o= (21)
where: N, g, is the plastic resistance to compression
defined in Eq. (15).
(d) Resistance of members in axial compression

For simplification for members in axial compression,

the design value of the normal force Ng, should satisfy:

%31_0

22
IN pira 22)

Where: N, zs is the plastic resistance of the composite
section according to Eq. (15), but with f;, determined
using the partial factor yy;=1.00 given by Eurocode 3'?;
y is the reduction factor for the relevant buckling mode
given in Eurocode 3, in terms of the relative
slenderness 4 .

The buckling curves obtained by Eurocode 3 are shown
in Fig. 1. There are five kinds of the curves that are
named as ay, a, b, ¢ and d respectively. The selection of
buckling curve depends on the components and the
characteristic of cross-section. For Eurocode 4, both CFT
of square cross-section and circular cross-section are

calculated by buckling curve a.

/ Eurocode3 a,

0.6/

Fig. 1 Buckling curves in Eurocode 3'?
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3. COMPARISON OF ULTIMATE STRENGTH
BETWEEN SRC STANDARDS AND
EUROCODE 4

(1) Conditions of analysis
Loading condition and sizes of cross-sections are
presented as Fig. 2. The eccentricity of loading e is equal

to zero. Other data for analysis are shown as follows:
boioso
F.=fog=fue=21N/mm’
F=f,4=f,= 325N/mm’
When confining effect is considered, the value of N, g
in Eq. (19) which is used to determine the relative
slenderness 4 is calculated by Eq. (15) in order to avoid

an iterative process.

(2) Comparison of the relation between ultimate
compressive strength and /;,/D

Fig. 3 shows the relation between the ratio of /;/D and
the ultimate compressive strength N,

Fig. 3(a) is about square cross-section whose size is
shown as Fig. 2. The curve of SRC Standards is the most
similar to the curve calculated by the buckling curve a in
Eurocode 4. However, when the ratio of /,/D is between
19 and 29, the curve obtained by buckling curve b is
closer than others.

Fig. 3(b) is the condition of circular cross-section. The
ultimate strength with confining effect is larger than that

in general condition, both SRC Standards and Eurocode 4.

As this figure shown, the curve by Eurocode 4 increases
as the value of /,/D decreases, while the ultimate strength
by SRC Standards is constant when the /;/D is smaller
than four. The maximum ultimate value obtained by

N (kN)
14000 —
12000
10000
8000
6000
4000
2000
0

0

(a) Square cross-section

15000 =

10000 [~

5000 —

Eurocode 4 is about 1.24 times of that gotten by SRC
Standards when the confining effect is considered. This is
because the relative slenderness is calculated by using the
Npyirain Eq.(15).

Fig. 4 is about the circular cross-section with confining
effect calculated by SRC Standards and Eurocode 4 with
buckling curve a. When the value of A is smaller than
about 0.24, the value of N, obtained by Eurocode 4 is
much larger than that gotten by SRC Standards. When the
value of 4 is larger than 0.24, the value of N, obtained by
Eurocode 4 becomes smaller than the value gotten by
SRC Standards.

N ¢ Loading point
|
D D
Ik I
/ D=500  D=600
| 2 A2
N D2 DiEs0

Fig. 2 Loading condition and sizes of cross-

sections

Nu(kN)
20000 — . '

. Circular cross-section
18000 — ~ with confining effect
16000 — o \ Eurocode4 a

e — — —o— — = : o«
14000 — See

SRC Standards = <ol
12000 — REE T
10000 ‘ | \ \ !
0 0.1 0.2 0.3 0.4 0.5

Fig. 4 Difference between SRC Standards and Eurocode
4 when the confining effect is considered

N (kN)
20000

Eurocode4 a0~d

(with confining effect)
SRC Standards

/with confining effect)
Eurocode4 a 0

(b) Circular cross-section

Fig. 3 Relation between /; / D and ultimate strength N,
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(3) Comparison by the width-to-thickness ratio D/t

About the width-to-thickness ratio of cross-section, the
maximum value is determined by each standard. Table 1
shows maximum width-to-thickness ratio of steel tube
column limited by AIJ Design Standard for Steel
Structures'®, while Table 2 is the limit of width-to-
thickness ratio for composite cross-section by Eurocode
4”. As analytical parameter, the width-to-thickness ratio
is less than the value in Table 3 in order to simplify the
comparison. Because in Eurocode 4 the effect of local
buckling of the steel section can be neglected when the
value of width-to-thickness ratio do not exceed the value
in Table 2.

Table 3 presents the maximum width-to-thickness ratio
of the examples shown in Fig. 2 calculated by Table 1 and
Table 2. It should be mentioned, when the steel tube is a
component of CFT column, the maximum width-to-
thickness ratio may be 1.5 times of the value obtained by
Table 1. The maximum width-to-thickness ratio obtained
by SRC Standards is larger than that gotten by Eurocode
4, especially of circular cross-section.

Fig. 5 presents the ratio of ultimate strength (a/SRC)
with confining effect between Eurocode 4(calculated by
buckling curve a) and SRC Standards as the ratio of /;/D
is changed.

Fig. 5(a) shows the condition of circular cross-section.
Generally speaking, the ratio of a/SRC is almost larger
than unity, that is to say, the value of ultimate strength
gotten by Eurocode 4 is almost larger than that obtained
by SRC Standards, especially when the ratio of /,/D is
less than 4. On other hand, the ratio of ultimate strength
calculated by these two standards becomes larger as the
width-to-thickness ratio gets smaller when /;/D is from 40
to 50.

f=325N/mm’
o 2
F, 2 IN/mm 44

1.2
1.1
1
|
0.9 76*\(7) fffff :+ fffffffffffffffffffffffffffffff
| |
0'80 4 1‘0‘12 2‘() 3‘0 4‘0 5‘0

(a) Circular cross-section

Fig. S5(b) is about the square cross-section with
different width-to-thickness ratios. As with Fig. 5(a), the
value of ultimate strength gotten by Eurocode 4 is almost
larger than that obtained by SRC Standards, and the value
of a/SRC with smaller width-to-thickness ratio is larger
than that with larger ones.

According to these figures, ultimate compressive

Table 1 Maximum width-to-thickness ratio of steel tube
limited byAIJ '

Cross-section Maximum value of width-to-thickness
. . E
Circular cross-section max(d /t)=0.1 14;
. E
Square cross-section max(h/t)=1.6 a

Note: when the steel tube is a part of the CFT column, the
maximum width-to-thickness ratio may be 1.5 times of the

value

Table 2 Maximum width-to-thickness ratio of composite
cross-section limited by Eurocode 4°

Cross-section Maximum value of width-to-thickness
235
Circular cross-section max(d /1) =90
y
235
Square cross-section max(h/1) =52 7
y

Table 3 Maximum width-to-thickness ratio of the examples
shown in Fig. 2

Cross-section Maximum value of width-to-thickness
All Eurocode 4
Circular cross-section 108 65.1
Square cross-section 60.3 44.2
a/SRC
1.2 — 5
f=325N/mm
> ]
115 | F=21N/mm 50
(D/t=10)
S Mo
1.05
1 LS
| |
095 | . =12
l (D/=42)
0.9 ! [ \ \ \ \
0 4 1012 20 30 40 50

/D

(b) Square cross-section

Fig. 5 Comparison with different width-to-thickness ratios D/t
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a/SRC
1.2 : .
£=325N/mnd
1.15 =12 (D/t=50)
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|
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1
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(a) Circular cross-section ~ *

a/SRC

12 — .
S =325N/mmni

1.1

1.05

0.95
0.9
0.85
0.8

(b) Square cross-section

Fig. 6 Comparison with different design standard value of concrete F,

\ | =12 (D/r=50)
115\ | F=21N/mn?

1.05

0.95

0.9

1/D

(a) Circular cross-section

a/SRC
1.2~
=12 (D/t=42)
115 | F=21N/mn =235
y

(b) Square cross-section

Fig. 7 Comparison with different yield strength of steel f,

strengths obtained by these two standards are almost
same and deviation is kept in+10% except the circular

cross-sections when /,/D 1is less than 4.

(4) Comparison by strength of concrete F,
Fig. 6 shows the relation between the ratio of a/SRC

and the ratio of /;/D as the strength of concrete is changed.

Fig. 6(a) and (b) are about the conditions of circular and
square cross-sections respectively.

As Fig. 6(a) shown, the ratio of a/SRC becomes larger
as the strength of concrete decreases when /;/D is from 12
to 30. According to the curve of F,=21, when [,/D is
smaller than 6, the ratio of @/SRC is always larger than
unity; when [,/D is between 7 and 12, the ultimate
compressive strength of SRC Standards is larger than that
of Eurocode 4.

As similar with Fig. 6(a), the ratio of a/SRC in Fig.
6(b) becomes larger as the strength of concrete decreases
when /;/D is from 4 to 30. In Fig. 6(b), when the ratio of
/D is smaller than 4, the ratio of /;/D is equal to unity

whatever the value of F, is. According to the curve of

F =21, the ratio of a/SRC is almost larger than unity. The
maximum of a/SRC is equal to 1.07 when the ratio of
/D equals 26.

(5) Comparison by strength of steel tube f,

Fig. 7 shows the relation between the ratio of a/SRC
and the ratio of /,/D as the strength of steel is changed.
Fig. 7(a) and (b) are about the conditions of circular and
square cross-sections respectively.

According to Fig. 7(a), the shapes of curve are almost
same with different strength of steel tube, except when
the strength of steel tube f;=235N/mm’. In general, the
value of ultimate strength gotten by Eurocode 4 is almost
larger than that obtained by SRC Standards.

As Fig. 7(b) shown, the value of ultimate strength
gotten by Eurocode 4 is almost larger than that obtained
by SRC Standards. The ratio of a/SRC approximates
unity when the ratio of /;/D is smaller than about 15.
When the ratio of /,/D is over 15, the variation of curves

is similar with Fig. 7(a).
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4. CONCLUSIONS

In this paper, the comparison between SRC Standards
and Eurocode 4 about the ultimate strength of the
compressive member has been presented. By comparing
these two different standards, we can get some findings
shown as follows:

1. SRC Standards calculate the ultimate compressive
strength of CFT members by adding the ultimate
strengths or buckling strength of steel tube and
concrete column, while Eurocode 4 determines the
design value of compressive members by multiplying
the plastic resistance Nprq by the reduction factor y.
However, the reduction factor y is determined by the
buckling curves in Eurocode 3. And both of these
two standards consider the effect of confinement for
circular cross-sections.

2. The ultimate compressive strengths are calculated
and compared by width-to-thickness ratio, concrete
strength and steel yield strength. According to the
results, ultimate compressive strengths obtained by
these two standards are almost same and deviation is
kept in+10% except the circular cross-sections when
li/D is less than 4.

It is considered that comparing between Japanese
standard and foreign standard and showing differences
are helpful for discussing the future standard of
composite structures. This study is a basic study about the
compressive CFT members. It is expected that design
equations and standards of other composite structures

will compare in the future.
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